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Abstrect  

E t t e r i e l  should v i t h s t m d  t h e  r i g o r s  o f  t h e  weather  
and cl imate.  A g r e a t e r  c o s t  usu-llly i s  requi red  
vhen t h e  m a t e r i e l  nus t  withs;r,ld vza ther  f o r  a 
longer  per iod  of  t i z e  o r  Kithstand a g r e a t e r  ex- 
trem.e. 

The cost  t o  p r o h c e  m a t e r i e l  f o r  a l l  weether ex- 
t remes i s  g r e a t .  The c o s t  i s  g r e a t  even when only 
two o r  t h r e e  weather elements a r e  considered. The 
U. S. Bavy, A i r  Force and A r q r  recognize t h e  problem 
m d  heve issu-d t h e  I l i l i t a - J  S t m d s r d s  (XL-STD) 
210A t o  h e l p  solve t h e  pro3lea. So-;e-~er, t h e  lise 
o f  MIL-STD 210.4 t o  e s t a b l i s h  s p e c i f i c a t i o n s  f o r  
m a t e r i e l  based 03 l o v  p r o b a b i l i t i e s  o f  f z i l u r e  arrd 
independence of  weather events  Eay r e s u l t  i n  over  
s p e c i f i c a t i o n  vhich r e q u i r e s  waivers ,  inc reased  
t i m e  increased  c o s t s .  

T h i s  paper p r e s e n t s  scme o f  t h e  i n f o m a t i o n  f o r  
marine a reas  which w i l l  a l low b e t t e r  s p e c i f i c a t i o n s  
bssed  on more net; d a t a ,  e l e s s  r e s t r i c ~ i v e  s p e c i f i -  
c a t i o n  f o r  f a i l u r e  2nd f o r  dependence of w-sther 
even ts .  Graphical p r e s e n t a t i o n  i s  f o r  t h e  .01  
p r o b a b i l i t y .  Spec i f icaz ion  o f  f a i l u r e  l e v e l s  a t  
.OS o r  .10 nay be izore reasona7gle i n  t h e  lighr; of  
weather  dependence. 

Xot a l l  f e a t u r t s  of  vea ther  extremes of  t h e  atmos- 
phere  a?d ocean a r e  considere2 here.  ?;either a r e  
t h e  s i i ~ u l t v l e o u s  occurrences of  weather events  used. 

One of t h e  more f a s c i n a t i n g  a s ~ e c t s  o f  our  environ-  
ment i s  t \ e  e x t r e z e  b e h w i o r  of t h e  atmosphere and 
s e a .  Thsre a r e  3any t s e s  of  extremes - t h e  world's 
r e c o r d  for a s i c g i e  type o f  observn t icn ,  record  
d u r a t i o n s ,  monthly o r  s e e s o n d  extremes, m d  nm- 
moth s t o r m ,  t o  n m e  a few. "Record" i s  t h e  key 
word. Nl a c t u a l  ( a s  opposed t o  t h e o r e t i c a l )  ex- 
treizes nus t  be recorded t o  be :known. T'nis r e q u i r e s  
an observa t ion  t o  be talcen a t  t h e  e x s c t  t i n e  a i d  
p l a c e  t h a t  &i a c t u a l  extreme i s  occur r ing .  Observ- 
i n g  p r a c t i c e s  nake t h i s  r e p i r e m e n t  almost b iposs i -  
b l e  t o  f u l f i l l .  The recorded extremes,  t h e r e f o r e ,  
a r e  considered t o  be only e s t i m a t e s  o f  t h e  e c t u z l  
extreme e r v i r o m e n t a l  condi t ions .  

The r a r e  occurrences o f  an event  may prov ide  
i n t e r e s t i n g  r e a d i r g ,  5 u t  t h e y  a l s o  have p r a c t i c a l  
a p p l i c a t i o n s .  Ecqineers  and a r c h i t e c t s .  cissign 
equipment t o  v i t h s t a n d  c e r t a i n  e n v i r o m e n t a l  condi- 
t i o n s .  Econonically, it i s  not  f e a s i b l e  t o  des ign  
e q u i p m n t  t h a t  ~ L l l  w i ths tand  a l l  extremes.  Tne 
u s e r  n u s t  assume a r i s k .  Iie must be w i l l i n g  t o  
accep t  t h e  consequences o f  a p iece  o f  equipaent  
f a i l i n g ,  say,  once .in f i f t y  y e a r s .  For  t h i s  reason, 
e-xtremc?s t h a t  a r e  used f o r  design c r i t e r i a  a r e  
g e n e r a l l y  t r e a t e d  p r o b a b i l i s t i c a l l y .  The r e c o r d  o f  
observa t ions  i s  used t o  determine t h e  l i k e l i h o o d  o f  
o b t a i n i n g  reasonable weather  e x t r e m  i n  any given 
length of  t ime.  

The p r o b a 7 ~ i l i s t i c  a2proach t o  marine environmental  . 
extremes presen ted  i n  t h i s  paper i s  extracted f m m  
a vork ing  docunent prepared f o r  t h e  r e v i s i o n  o f  
M i l i t a r y  S t ~ d a r d s  (MIL-STD) 21SA t o  2109, C l i n z t i c  
Ext rezes  f o r  M i l i t z r y  Equipsent .  The vorking docu- 
nen t  was s r r i t t en  a t  t h e  fT&tionel C l i x a t i c  Cenker, 
E n v i r q m o n t a l  Dete Serv ice ,  ? ;a t ions l  O c e z i c  x d  
Atnosgheric A h i n i s t r a t i o n ,  Ashevi l l e ,  M. C .  It 
was used  by t h e  Cozn&~der, Neval Weather Sx-vice 
Cornand, Uashington , D. C .  , a s  t h e  V. S . Navy i n p u t  
t o  t h e  r e v i s i o n  of MIL-STD 21CA. Lznil extremes 
were p r e p ~ r e d  by t h e  U. S. A m y  z?d u p l e r  a i r  ex- 
tremes by t n e  U. S. A i r  Force. 

Tne n i l i t a r y  staiidards a r e  Tor t h e  v e a t h e r  o r  c l i -  
m a t i c  extremes used t o  p repere  a a n u f z c t u r i c g  spec i -  
f i c z t i o n s  f o r  m a t e r i e l .  At t i r res ,  p r e s e n t  s p e c i l i -  
c a t i o n s  nay no t  be used j u d i c i o u s l y .  For  exaap le ,  
a p i e c e  of e l e c t r o n i c  g e a r  may be r e q u i r e d  t o  p a s s  
t e s t s  o f  extreme temperature s h u l c z i e o u s l y  w i t h  
extreme r e l a t i v e  h u n i d i t i e s  i n  t h e  t e s t  charher .  . 
I n  n a t u r e  t h e  h ighes t  t e ~ p e r a t u r e s  i n  t h e  open do 
r o t  occur  wi th  t h e  h i g h e s t  r e l a t i v e  h 1 m i d i 5 e s .  I n  
a d d i t i o n ,  t h e  p r o 3 a 5 i l i t y  l e v e l  may be  t o o  r e s t r i c -  
t i v e .  Both of  t h e s e  f a c t o r s  i n c r e a s e  t h e  p r o d u c t h  
c o s t s  beyond a l l  reason f o r  t h e  equipment w i l l  never 
e n c o m t e r  such open a i r  condi t ions .  

Simultz?eous occurrences o f  s e v e r e l  y e a t h e r  elenerfzs 
a t  e t ime  would provl2e a b ? t t e r  b s s i o  f o r  s p e c i f i -  
c a t i o n  prepzra t ion .  Rowever, such s2udies  a r e  of ten 
d i f f i c u l t  t o  make. Tnerefore ,  t h e s e  s t u d i e s ,  u'nere 
siinultaneous condi t ions  a r e  requ i red ,  a r e  liai ied 



t o  only t h e  one percent  l e v e l  f o r  a p a r t i c u l a r  e le -  
c e c t .  Diurnal  curves a r e  then  prepared f o r  t h e  
a c c o q e ~ y i n g  elements f o r  those  t imes when t h e  pr i -  
mar j  e lenen t  exceeds t h e  one percent  l e v e l .  

Open a i r  s i t u a t i o n s  a r e  t h e  b a s i s  f o r  t h i s  study. 
Condit icns wi th in  enclosed spaces,  such as  caves, 
underground s to rage ,  belosr decks, o r  i n  bu i ld ings  
a r e  no t  a p a r t  o f  t h i s  p resen ta t ion .  This  stu* 
excludes a l s o  Antarc t ic  d a t a  of  a l l  types.  

This  ~ a p e r  con ta ins  only a p a r t  o f  t h e  information 
t o  be included i n  t h e  r e v i s i o n  of M i l i t a r j  Standards 
210A. A l l  i n f o m z t i o n  i n  t h e  r e v i s i o n  w i l l  be pre- 
sen ted  i n  t a b u l a r  form. No curves o r  f u n c t i o n a l  
r e p r e s e n t a t i o n  w i l l  be  made. However, i n  t h e  work- 
i n g  paper  a d d i t i o n a l  d a t a  a d  forms of  p resen ta t ion  

included.  The f o u r  empi r ica l  p r o b a b i l i t y  l eve l s  
of  extreme condi t ions ,  0.20, 0.10, 0.05 and 0.01, 

,were s e l e c t e d .  The 0.01 l e v e l  w i l l  be t h e  major 
l e v e l .  The va lues  f o r  t h e  0.01 p r o b a b i l i t y  l e v e l s  , 
w i l l  be shown below. I n  a d d i t i o n ,  wherever possi-  
b l e ,  an average d i u r n a l  c w e  w i l l  be  shown f o r  all  

,days  on which t h e  0.01 eiapir ical  p r o b a b i l i t y  l e v e l  , 

was equaled o r  exceeded i n  t h e  extreme sense.  For 
example, f o r  low condit ions,  such a s  low tempera- 
t u r e s ,  t h i s  i s  understood t o  be occurrences of tem-. 
p e r a t u r e s  below a s t a t e d  c r i t e r i o n .  

I 
i 
! 

I?o a c t u a l  b i v a r i a t e  o r  m u l t i v a r i a t e  condi t ions  a r e  / 
] t o  be shorn. These end o t h e r  cons idera t ions  may be 
' i n v e s t i g a t e d  and given i n  subsequent sub-revisions 
' o f  MIL-STD 210B. 

1 , Information Presen ta t ion  
! 

,The evolu t ion  of d i scuss ion ,  development and agree- 
ment a s  t o  what would be included i n  t h e  r e v i s i o n  
o f  f4IL-STD 210A t o  210B i s  not  enjoined here .  
Rather  it i s  more p e r t i n e n t  t o  g ive  sone i d e a  a s  t o  
j u s t  how t h e  i n f o r n a t i o n  i s  t o  be presented.  For 
purpose o f  re fe rence  a world map, shoving t h e  num- 
b e r i n g  o f  Marsden Squares, i s  presen ted  $2 Chart 1. 
Near t h e  equator  t h e s e  a r e a s  a r e  e s s e n t i a l l y  squere. 
As t h e  =eas approach t h e  p o l a r  regions t h e y  t a k e  
on a r e c t v l g u l a r  appearance i n  a g loba l  presenta-  
t i o n .  

Data Source 

Marine d a t a  a r e  s t o r e d ,  genera l ly ,  i n  t h e  a rch ives  
by Marsden Square. A l l  sur face  a t m s p h e r i c  d a t a  
r e f e r r e d  t o  i n  t h e  t e x t  a s  being f o r  a Marsden 
Square were taken  from t h e  common Marine Format 
TDF-11  ape Data ~ a n i l y )  on f i l e  a t  t h e  National  
Cl imat ic  Center ,  Ashevi l le ,  N. C. I n s t r m e n t s  a r e  
l o c a t e d  a t  d i f f e r e n t  he igh ts  on d i f f e r e n t  s h i p s  and 
it i s  impossible  t o  t e l l  from t h e  d a t a  a t  which 
he igh t  above t h e  s e a  sur face  they  were taken.  The 
a s a m p t i o n  was made, t h e r e f o r e ,  t h a t  all instrunents  
were a t  t h e  same he igh t ,  and t h e  d a t a  were used a s  
i f  t h e y  were homogeneous. Radiosonde d a t a  on f i l e  
a t  t h e  Xational  Climatic  Center provided t h e  b a s i s  
f o r  upper a i r  marine environment extreme p r o f i l e s  
of temperature.  

Data Presen ta t  ion 

I. Ocean Wave Ee igh ts  and Spec t ra  

The mean he igh t  o f  t h e  h ighes t  t h i r d  of  a l l  waves 
- - 

p r e s e n t  i n  a wave t r a i n ,  c a l l e d  t h e  s i g n i f i c ~ m t  
wave he igh t  and o f t e n  des igna ted  a s  ( g  1, and t h e  
extreme wave h e i g h t s  a r e  i m p o r t a ~ t  i n  ih; design o f  
s h i p s .  Figure 1 provides a? e s t i n a t e  of  t h e  avereqe 
s i g n i f i c a n t  wave h e i g h t s  dur ing  wave build-xp with 
i n c r e a s i n g  wind speeds and dur ing  ;rave decay w i t h  
decreas ing  wind speeds. This  f i g u r e  i s  based on a 
stu* by V a i k s ~ o r a s  end Crutcher  a s  r e v i s e d  by 
Crutcher  [ l ]  and assuzes o p t i ~ m  f e t c h  a d  dura t ion  
condi t ions .  Tabular  i n f o m a t i o n  i s  presen ted  i n  
Table 1. The observed d a t a ,  a s  s h o m  by t h e  heavy 
s o l i d  curve i n  t h e  f i g u r e ,  i r d i c a t e  t h a t  a s  t h e  
wind speed decreases ,  t h e  waves w i l l  decay s lower 
t h a n  they  b u i l t  ug, 

The extreme wave he igh t  i s  e m p i r i c a l l y  es t imated  t o  
be 1.8 t imes t h e  s i g n i f i c a n t  wave h e i g h t .  Thorn 121 
a p p l i e d  t h e  ~ r ; c h e t  extreme-value d i s t r i b u t i o n  t o  
extreme wave h e i g h t s .  He f i t t e d  a n n u 9  e x t r e n e  
s i g n i f i c a n t  wave h e i g h t  d a t a  by t h e  Frechet  d i s t r i -  
b u t i o n  and t h e n  a d j u s t e d  t h e  d i s t r i b u t i o n  t o  ex- 

' t r e m e  wave h e i g h t s  by applying t h e  s c a l e  t r a n s f o w  
t i o n .  H i s  r e s u l t s  a r e  d e p i c t e d  g r a p h i c a l l y  i n  
F igure  2 and i n  t a b u l a r  f o m  i n  Table 2. The d a t a  

'show t h a t  50 percen t  of t h e  y e a r s  cou ld  have wave 
h e i g h t s  i n  excess  of  about 72 f e e t  and 5 percen t  o f  
t h e  y e a r s  could have waves i n  excess  o f  116 f e e t .  

For  a - d e t a i l e d  d i scuss ion  o f  t h e  e f f e c t  o f  s w e l l  
and wave a c t i o n  on ?h ips  and t h e  frequency re -  
sponses o f  s h i p s  p l e a s e  s e e  Lewis [3].  i 

11. Maximum T e q e r a t u r e s  

The h i g h e s t  air temperatures  encountered by mariners 
may be expected t o  occur  i n  p o r t s .  The U. S. Navy 
[ b ]  h a s  r e c e n t l y  publ i shed  monthly average temgera- 
t u r e s  f o r  t h e  Northern Hemisphere. These d a t a  were 
sc reened  a long  wi th  t h o s e  f u r n i s h e d  by  t h e  U. S. 
Air Force and published by t h e  U. S. Navy [5]  t o  
s e l e c t  t h e  a r e a  w i t h  t h e  highesr; t empera tures .  The 
p o r t  s e l e c t e d  was Abadan, I r a n .  m e  d a t e  f o r  
Abadan were t a b u l a t e d  from h i g h ~ s t  t o  l o v e s t  a d  
cumulative f requenc ies  were com3uted. The expected 
d i u r n a l  r a g e  o f  t e a p e r a t u r e s  corresponding t o  a 
muinurn teraperature e q u a l  t o  t h e  conputed 99 th  per- 
c e n t i l e  va lue  i s  p l o t t e d  on F i g ~ r e  3 and t a 5 u l a t e d  
i n  Table 3. Corresponding d i u r n a l  raqges  of  r e l a -  
t i v e  humidity and i n s o l a t i o n  a l s o  a r e  p resen ted .  

F igure  4 and Table 4 p r e s e n t  t h e  sacle t y p e  o f  i2- 

formation f o r  t h e  a i r  temperature over  t h e  s e a  
based on d a t a  screened from t h e  U. S. Navy [6 ,  
Vols. 11, VIII]. The extremes a r e  found i n  t h e  
P e r s i a n  Gulf and G u l f  o f  Om&?. Since  t h i s  a r e a  is 
r a t h e r  confined by l a n d ,  maximm tempera tures  over  
t h e  open ocean a l s o  were examined. The d i u r n a l  
range  f o r  temperatore and corresponding r e l a t i v e  
humidity and i n s o l a t i o n  f o r  t h e  warmest open ocean 
a r e a  - Marsden Squares 019 and 055 - a r e  d e p i c t e d  
i n  F igure  5 and Table 5. 

A survey was made o f  U. S .  Navy [6 ,  Vols. 111, VIII, 
71 f o r  a r e a s  of  mxcimm s e a  s u r f a c e  temperatures .  
The extrerzes occurred i n  t h e  P e r s i a n  Gulf .  The 
d i u r n a l  range of  t h e  maximum s e a  s u r f a c e  tempera- 
t u r e s  and corresponding a i r  t e q e r a t u r e ,  r e l a t i v e  
humidi ty i n s o l a t i o n  i s  s h o m  on F igure  6 and 
Table 6. These ranges were i n f e r r e d  from hour ly  
means o f  d a t a  t aken  from t'nose days on which t h e  
9 9 t h  p e r c e n t i l e  va lue  o f  s e a  t e r q e r a t ~ ~ e s  w a s  

. -- - 



exceedec? and C-on the work or' Svedrup e t  al. [ B ] ,  
' 

Kuhlbrodt a d  Reger [ ? I ,  and iC.ruxel [ l o ] .  

111. Relative Bmidi ty  

Areas of high r e l a t i v e  hw.idi:y can occur both i n  
cold a ~ d  warm climates. For a given r e l a t i v e  
humidity, Gore zois ture  i s  present a t  a werm tem- 
perature than  a t  a cold tecperature.  !Jam areas of 
high r e l a t i v e  h m i d i t y  vere therefore  investigated,  
although it nay be necesszry t o  inves t iga te  cold 
areas a t  a l a t e r  date. 

Because of drying considerations, it was f e l t  t h a t  
low re laz ive  humidity i 2  conjunction with high 
tenperatures would be more significaii t  z h ~ q  low 
r e l a t i v e  humidity i n  conjuczion wi-ch low tempera- 
tures. It nay be necessary, however, t o  inves t i -  
ga te  the  l a t t e r  case a t  a l a t e r  date. 

I 

:u. S. Department of A g r i c - d t ~ n e  [ l l ]  was studied t o  
deternine areas of small and l a rge  wet bulb depres- 
sions i n  order t o  f ind  wa-n areas of high w d  low 
r e l a t i v e  h u i d i t y .  Eased on the  ava i l ab i l i t y  and 

,qua l i t y  of data,  Marsden So_llzres 322 and 372 were , 

chosen t o  be most representat ive of the high and 
,low open ocean r e l a t i v e  humidity cases, respective-,  
~ l y .  Diurnal ranges of tine r e l a t ive  hwnidity with ; 
'corresponding ranges of a i r  te rpera ture  a ld  insola-  
t i o n  are  presented i n  Figure 7 and Table 7 f o r  h igh!  
r e l a t i v e  humidity and i n  Figure 8 m d  Table 8 f o r  ' 

'low r e l z t i v e  hunidity.  1 

IY. Temperatures, Withstandkg 

The por t  of Abadan am3 open ocean Marsden Square ' 
103 were chosen f o r  maximm withstanding a i r  ten- 
peratures . The aqnuzi ra:ciz7;=i t e q e r a t u r e ;  fo r  
each location were p lo t ted  oc sesi- logari thnic 
no-ma1 probabi l i ty  pa2er and a confidence envelope 
was p lo t t ed  zccording t o  a procedxe developed by 
Gringorten [12]. The redian l i n e  f o r  a normal dis-  
t r i bu t ion  with the  s a e  nem hid staidarc2 deviazion 
as  the  yearly extren? saam~le was d ram t o  represent  
a l i n e  of best  f i t .  Fro= t h i s  l i n e  it i s  possible 
t o  pick the  m i ~ u i n  &sign ter!gerature f o r  any 
withstaading period up t o  1090 years. Figure 9 
shows the  curves f o r  the  por t  and open ocean. 
Tabular data a re  shown in  Table 9. Techniques f o r  
conver'.ing the  gra?hical da ta  t o  the  t abu la r  da tz  
are  gi'ven by A i r  Force Cabr idge  Research Labora- 
t o r i e s  [13]. 

Mininun a i r  tenperatures were t r e s t e d  i n  a s imi lar  
fashion. Barrow, Aleska, iias chosen es the  coldest  
port  p r i m a r i u  because it has a long oeriod of 
record available m d  because it appezrs t o  be a t  
l e a s t  as cold a s  axxy of the  other s t a t ions  inves t i -  
gated. In  addit ion,  t he  temperature extremes f o r  
Anchorage, Alaska, a port  open all winter ,  were 
a?dyzed t o  provide a contrast  with B a r r o w  tihich is  
closed by ice i n  the  winter. Ocea? Sta t ion  Bravo 
provided the da ta  fo r  t h s  open ocean. The with- 
standing curves f o r  zinimn. a i r  t eqe ra t ? l r e  are 
presented in  Figure 1 0 ,  and tzbular  da ta  a re  in- 
cluded i n  Table 9. 

Maxinum ard  mininun sea  tenperatures a lso  were 
exanined i n  l i k e  m=ner. U. S. 11avy [6 ,  Vols. 111, 
VIII] da ta  showed t h a t  mzxiaun sea t e n ~ e r a t u r e s  . 
occur i n  the Persian Gulf and ninirnum sea tenpera- 

tmes  occur off  the coast  of Elevfow.dle?.d, Cafiada. 
A graphical  presentat ion of t he  wi+hstaridir.g curves 
i s  foun.? i n  Figure 11, while t a h l a r  da ta  are  found 
i n  Table 10. 

Deep sea  bottom water te rpera tures  hover a r o u ~ d  ~ O C  

because of the physical  charecterCstics of water. 
Water has a naximun dens i ty  near t h a t  temperature. 

V. Wind Speed 

It was f e l t  t h a t  a tabula t ion  of peak +psCs coupled 
with a study of durations of sustained wind speeds 
would bes t  describe the wind ext rezes .  

Using t h e  same procedure a s  f o r  tenpera tures ,  with- 
standing c r i t e r i a  f o r  ge3k gus ts  were developed f o r  

' p o r t s  and t h e  open ocean. Gusts associa ted  with 
typhoon and hurricane conditions were not  included. 

f ~ d a k ,  Alaska, %-as chosen as  the  windiest po r t  and 
Ocean S ta t ion  Delta a s  the windiest  open oceen lo-  - 
cation.  The withstanding curves z re  depicted i n  
Figure 12 with corresponding data  l i s t e d  i n  Tzble U. 

I 
Withstanding conditions f o r  t n h o o n  condit ions e r e  
shown i n  Figure 13 a d  Table 11. The da ta  c a e  
from a l i s t i n g  of maxiam typhoon vinds f o r  t h e  
years  1953-1967 prepared by t h e  Haval Weather Re- 
search F a c i l i t y ,  Norfolk, Virg in ia ,  and fro= work 

'done a t  the  National Climatic Center, Asheville. 1 

I 
1 
I 

North Carolina, on maximum recorded winds durizg 
the  years  1945-1952. I 

The o r ig ina l  recorded winds a t  Ad& were enalyzed 
t o  de-cermine wind speed durations a t  por ts .  The 
time of duration f o r  winds above 3h k t ,  between 
50-59 kt, 60-69 k t ,  70-79 k t ,  and above 80 k t  was 
noted. Each of th-se groups then was l i s t e i  i n  
descending order of length of dura t ion  of t h e  sus- 
t a ined  vind end. empirice1 p robab i l i t y  l e v e l s  of 
occurrence were determined. For t h e  02en ocegm, 
the  duration of each occurrence of ga l e  fo rce  winds 
(above, 3!: k t )  wes noted f o r  Ocean S ta t ion  Bravo. 
Ships are not required t o  document t h e  d ~ r a t l o n  of 
my winds except gales.  Empirical probabil i ' iy 
l e v e l s  of occurrence of s_oecified durazions then 
were determined. Table 12 presents t he  wind dura- 
t i o n  data. 

V I .  Mininum T e q e r a t u r e  Duration 

Several  po r t s  i n  cold areas were inves t iga t ed  ' f o r  
t e ~ p e r a t u r e  record. Because of the requirenent f o r  
a long period of hourly teapera ture  da ta ,  t h e  
search was narrowed t o  U. S. f i r s t  order  s t a t i o n s .  
Two s t a t ions  were chosen: Barrow, which i s  closed 
t o  normal sea  t r a f f i c  by i c e  during p a r t  o f  t h e  
year ,  and Anchorage, which i s  open t o  s e a  t r a f f i c  
during z l l  months of t h e  year.  A survey o f  Ocean 
Sta t ion  Vessels revealed t h a t  Bravo is i n  t h e  cold- 
e s t  c e a  and thus was chosen as  representa t ive  of 
t h e  open ocean. 

A computer progran was prepared t o  search t h e  d a t a  
records and t o  count the number of hours t h a t  a 
tenperature remained a t  o r  belot; a given value.  A 
l i s t i n g  wes produced wnich presents  a count of oc- 
currences of each tenperature f o r  each dura t ion  
i n t e r n a l  from 1-144 hours. 

Cases where the  duration of a given ten2erztrrre 

-. 



' l a s t e d  longer than a thl-ee-month period i n  any one 
' 

year were not c o u ~ t e d  i n  the  f i n d  l i s t i n g  bct note 
was rcade of these  occurrences. A l i s t  was prepxred 
of the t e ~ p e r a t u r e s  s s o c i a t e d  with e z ~ h  duration 
and four empirical probabil i ty l eve l s  were picked. 
These four t empra tu res  f o r  each duration in t e rva l  
then were standardized by 

where t i s  t h e  tenperature i n  degrees F, zmin i s  the  
average monthly m i n i n u  tenperature,  Fh i s  
t he  average conthly temperature range, and t, i s  the  
standardized value. The procedure i s  given by 

:Sharon [ lh ] .  

;The standardized temperature values were p lo t t ed  
versus duration i n  hours and a smooth c u v e  drawn t 

!through the  points f o r  each empirical probabi l i ty  
) l eve l .  S tandvdized values then were picked from , 
, t h e  curves and transforined t o  temperature values by 
ire-arranging t h e  above equation. 1 

I 

Values fo r  open and closed por t  and open ocean m i n i -  
'mum a i r  temperatures are given i n  Tables 13, 1 4 ,  
,and 15, respectively,  and p l o t s  a re  sham i n  Figures 
114, 15, and 16, respectively.  The duration of mini- 
>mun sea  temperatures i s  given in  Table 16 and Fib@re 
117. Future work end expansion of t h i s  study un- ' 

,doubtedly w i l l  show a fur ther  smoothing of the  l i n e s  
and e s t a b l i s h e a t  of b e t t e r  sylrmetry. 

! 
, V I I .  V i s i b i l i t y  
I I 

Marine v i s i b i l i t y  observations a;re subject  t o  lcore 
sources of e r r o r  than those taken on land. Ships 
t h e t  have sa i l ed  out of s ight  of land have no point  
of reference from which t o  judge v i s i b l e  ranges. 
In addit ion,  reported low v i s i b i l i t i e s  a t  night 
s o n e t h e  r e s u l t  from darkness ra ther  than an oh- , 
s t ruc t ion  t o  v is ion .  

Notwithstanding the  observing problems, two areas 
over t he  oceans stand out as having low v i s i b i l i -  
t i e s  - t he  area  around the  South Sandwich Islands 
and the  area  ju s t  south of the  Kamchatka Peninsula. 
The l a t t e r  a rea  i s  worse. During June, zhe warm, 
moist a i r  comes i n  contact with cold water t o  form 
heavy Tog. The records indicate t h a t  i n  t h i s  month, 
82.7 percent of t h e  v i s i b i l i t i e s  are l e s s  t h m  1/4  
naut ica l  n i l e ,  85.3 percent are l e s s  than 1 mile, 
and 93.6 percent a re  l e s s  than 5 miles. 

VTII. S a l i n i t y  

Sa l in i ty  a f f ec t s  buoyancy, t he  freezing temperature 
of t he  water, and air-sea in terac t ions ,  all of which 
play an important ro l e  i n  the maritime climate. The 
v a r i a b i l i t y  of s a l i n i t y  over t he  ocean has not been 
determined t o  the  extent  t h a t  the d is t r ibut ion  of 
extrenes i s  known. Jacobs [15] shows s a l i n i t i e s  
over the  North Pac i f i c  a ~ d  North A t l v l t i c  Oceans of 
grea ter  than 36 O/oo and 37 O/,,, respectivekjr. 
Sverdrup [16] indica tes  average maxbum s a l i n i t i e s  
of about 41 O/,, i n  t he  Red and Arabian Seas. 
Vllues as.high as 45 0/00 have been measured. Low 
s a l i n i t i e s  of l e s s  than 1 O/,, are  f a i r l y  com3n 
near e s tua r i e s ,  snomel t s ,  g lac iers ,  and i n  places 
l i k e  the  Gulf of Bothnia. 

' I X .  Upper Air  Tenperatures 

Upper a i r  environmental temperature extremes over 
navigable va t e r s  and por ts  a re  presented i n  Figure 
l a  and Table 17. Low and high extremes are  given 

a 

i n  heights above sea l eve l  up t o  16 'm. Above t h i s  
l e v e l  t he  etnospheric p ro f i l e s  are  coincident with 
the  world-wide upper a i r  extrenes prepared by t h e  
U. S. A i r  Force. The p ro f i l e s  presented do not 
represent  dynamic i n t e r n a l  consistency of t h e  a t -  
mosphere. They are  simply envelopes of extreme 
condit ions.  

Tne da ta  f o r  t he  extreme p ro f i l e s  fo r  naval opera- 
t i o n s  cane p r i n a r l l y  from the  U.  S. Navy [ 4 ,  171. 
The p ro f i l e s  were developed from monthly mean 

(values  and standard deviat ions of atmospheric pa- 
rameters a t  speci f ied  a l t i t u d e s .  The r i s k  values 
were determined by using a s t a t i s t i c a l  approach 

'coupled with errpirical data.  An attempt was made 
! t o  make t i e  extreme p r o f i l e s  r e a l i s t i c  i n  view of 
,naval  operations. 

The highest  temperatures generally occur i n  t h e  
Northern Hemisphere summer. U;, t o  about 12 h, 
t hese  high temperatures a re  found over t h e  Arabian 
Sea. Above t h i s  l eve l  t he  extreme high tempera- 
t u r e s  a re  r'ound near t he  Aleutian Is lends .  The 
lowest tenperatures a re  found during winter .  U;, t o  
about 8 km, they occur over t h e  North At lant ic  

'Ocean off  t h e  coast of Labrador. Above 8 km, t h e  
coldest  temperatures a re  found over t h e  waters 
c i r c l i n g  Azrtarctica. It should be not& t h a t  t h e  
worldwide navigable waters s t re tched from 60'~ t o  
60°S. It was f e l t  t h a t  poleward of these  bowdaries 

i sur face  naval operations e s sen t i a l ly  would cease 
because of s ea  i c e ,  extremely cold t e w e r a t u r e s ,  o r  
o ther  harsh environrcental f ac to r s .  

The determination of extreme conditions i n  the  
maritime enviro,ment has been umie r t akn  t o  estab- 
l i s h  design cr i t .e r ia  f o r  mater ie l  involved i n  
worldwide naval operations.  An attempt was made t o  
provide log ica l  and r e a l i s t i c  est imates of t h e  ex- 
tremes f o r  the  sphere of naval a c t i v i t i e s .  A s  
knowledge of t h e  climate increases through the  
col lec t ion  of more da ta  and through more sophis t i -  
cated ana ly t i ca l  techniques, b e t t e r  and more pre- 
c i s e  est imates of t h e  extremes can be obtained. 
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I 

Wind Speed (kt:) 

10 20 30 40 60 70 80 100 l l o  120 

Increzsing 
Wind Speed 2.0 5.5 12.5 22.0 33.0 45.5 59.5 72.0 85.5 96.0 105.0 107.5 

Decreasing 
Wind Speed 5.0 12.0 24.0 37.5 51.0 64.0 '82.0 87.5 96.0 101.0 102.0 107.5 

I 

TABLE 2. QUPIYTILES - EXTREME WAVE KEIGhTS (FEET) [ ( k / 3 ) ~ ( 1 . 8 ) ]  (PPTER H . C . S .  THOM, 1971) 

Probabili ty Level 0.50 0.20 0.10 0.05 0.04 0.02 0.01 

Wave Height (ft.) 
I 

72 88 , 101 115 120 137 156 

TABLE 3. DIURNAL VARIATION, PORT MAXIMUM AIR T"kMPEWUE3, PROBABILITY LEVEL 0.01 
I 

mMaximum A i r  Temperature O F  u 8 . 0  
O c  47.8 

I 

I 

1 ! 
I i 
/HOW Local Mean Tine 

,Relative Humidity % 50.7 55.3 64.2 60.9 37.5 27.9 22.1 21.1 26.9 37.2 43.3 47.2 

I I 

I 
j 

TABLE b4. DIUF'JAL VARIATION, SEA SURFACE MAXIMJM AIR  YTLWERATURE, PROBPBILITY LE\TL 0.01 

Maxiom A i r  Temperature O F  99.8 
O c  37.7 

Hour Local >lean Time 

Element - 0 1 0 3 ~ ~ 0 9 -  11 - 13  - 15 - 17 - 19 - 21 23 

A i r  Temperature OF 95.9 95.7 96.0 97.5 98.8 99.8 100.0 100.1 99.7 99.0 97.9 96.6 
O c  35.5 35.4 35.6 36.4 37.1 37.7 37.8 37.8 37.6 37.2 36.6 35.9 

Rela.tiveHumidity$ 82.0 83.0 83.6 81.6 78.0 74.8 73.0 72.5 73.8 77.5 80.4 81.2 

Insolation Ly/Hr 00 00 00 34 72 93 92 70 31 00 00 00 

TABLE 5. DIUiiiNAL VARIATION, OCEPTT MAXI~J!UN A I R  TEMPERATLEE, PROBABILITY LEmL 0.01 

h~aximum A i r  Temperature O F  92.0 

Element 

A i r  Temperature O- 

O C 

Relative Humidity $ 

O C  33.3 
Hour Local. Mean Time 

- O1 - 03207711 - 13  - 15 

84.3 84.0 84.0 84.8 87.6 90.2 91.6 91.5 
29.1 28.9 28.9 29.3 30.9 32.3 33.1 33.1 

84.7 84.9 84.7 84.0 80.7 76.4 74.1 73.9 

00 00 01 24 66 86 86 64 

- - - - - - -- - - - - - - - -- - - . - - - - - - - 



Hour Local Mean Tiae 

Water Temperature OF 92.9 92.6 92.9 93.7 94.8 95.5 95.9 95.1 95-9 95-L 94-6 
OC 33.8 33.7 33.8 34.3 34.9 35.3 35.5 35.6 35.5 35.2 34.8 

A i r  Tenperature OF 92.5 92.5 92.8 94.3 95.8 96.7 96.9 96.9 96.4 95.6 94.3 
O c  33.6 33.6 33.8 34.6 35.4 35.9 36.1 35.1 35.2 35.3 34.6 

Relat ive Hmidity $ 84.3 85.6 86.0' 85.6 84.3 82.7 81.3 80.0 78.8 78.0 78.8 

' Insola t ion  ~ y / H r  00 00 00 34 72 93 92 70 31 00 00 

! 

TABU 7. DIUEtYAL VARIATION, OCEAN HIGH RELATIVX HUXIDITY, PROBABILITY LEVEL 0.01 
! I ! I 
Maximum Relative Hmidi ty  100% 

I 

4 HOW Local Mean Time 
I 

Element - 0 1 0 3  - 2 07 13  - 15 - 1 7  - 19 - 21 

A i r  Tenperature O F  77.2 77.3 78-1 _ 79.8 '81.7 83.0 83.8 84.1 + 83.8 82.8 80.6 
OC 2 5 . 1 2 5 . 2  25.6 26.6 27.6 28.3 28.8 28.9 28.8 28.2 27.0 

Insola t ion  ~ y / H r  00 00 00 19 59 83 83 63 23 00 00 

I 

TABLE 8. DIUFIn"J VARIATION, OCEAN LOW P;ELATIVE HUMIDITY, PRC)B.PBILITY LEVEL 0.01 

Mipinurn Relative Humidity 55% 

Element 01 03 - - 
Relative Humidity $ 55.6 65.6 

A i r  Tenperature O F  68.2 68.4 
O C  20.1 20.2 

Insola t ion  Ly/Elr 00 00 - 
I 

TABLE 9. 

Risk 
Level Elerent Location 

104 Minimm 
Temperature Closed Port  

Open Port  
Ocean 

10% M a x i m u n  
! Temperature Port  

Ocean 

Hour Local Me~q Time 

0 5 O J " 1 1  - 13 - - 15 - 17 - 21  3 - l9 . 
64.5 62.0 58.5 56.4 54.5 55.2 59.4 63.9 65.6 65.6 

68.9 70.2 72.0 73.6 74.6 74.4 71.9 71.0 69.4 68.7 
20.5 21.2 22.2 23.1 23.7 23.6 22.2 22.2 20.8 20.4 

00 33 74 96 9 8 82 44 00 00 00 

Planned Life ( y e c s )  



TAB-LE 10. MUCIETJX AND i.IINI?4UM SEh TEXPERATURE WITaSTANDING 

Risk 
Level 

10% 

10% 

Risk 
Leve 1 

E l a e n t  Locetion ! 

2 
O F  O C  

Winurn Sea 
Temperature Ocean 99.1 37.3 

Planned Life (years)  

5 10 25 
O F  O C  OF OC O F  O C  

100.0 37.8 100.8 38.2 101.5 38.6 

- 2kO---- --6;+ - ---20.5---6. b-- 19.8-- -6.8- - 

2 f  L. - j  r .L$“ , ; -).-; - 
Minkm Sea 
Temperature Ocean ----5 . 7---- 

ZS'2 -J.LL 

TmLE 11. PEAK WIWD - WITHSTANDING 

I 

Element Location planned Life (years)  

2 10 
k t s  mps k t  s m s  k t  s m p S  k t s  m ~ s  

Peak Wind ! 
Por t  101 52.0 ' 111 57.1 118 60.7 124 63.8 
Ocean 109 56.1 118 60.7 125 64.3 134 69.0 
Ty-phoon 186 95.8 ' 194 99.9 200 103.0 208 107.1 

I 

TABLE 12. MAXLWJl4 WIND SPIED DURATIONS 

..- - I I Probabi l i ty  ~ e v e i  

34 t o  49 k t s .  4 hrs .  7 hrs.  12 hrs . 18 hrs .  
I 

50 t o  59 k t s .  2 min. / 3  min. 7 min. 12  min. 
60 t o  69 k t s .  1 d n .  '2 min. 4 min. 10 min. 
70 t o  79 k t s .  . 1 nin. 1 min. 2 rein. 3 min. 
80 k t s  and above 1 min. 1 min. 1 min. 1 min. 

> 34 kts. - 6 hrs .  12 hrs .  24 hrs .  48 h r s .  Ocean 

TABLE 13. MINIE!~JM A I R  TELW3MTUR,P VS DURliTIOH (OPEN PORT) , PROBABILITY LEVEL 0 -01 

Duration (hours) 

1 3 5 7 9 ; 11 18 36 72 144 

-29.7 -28.7 -27.6 -26.7 -25.8 -24.8 -21.2 -14.8 - 9.7 - 7.3 - 
-34.2 -33.7 -33.1 -32.6 -32.1 -31.6 -29.6 -26.0 -23.2 -21.8 

TABLE 14. MINIMUM AIR TEMPERATURY VS DURATION (CMSED PORT), PROBASILITY LE'JEL 0.01 

Duration (hours) 

1 3 5 7 9 11 18 36 72 144 



Durztion (hours) 

1 3 5 7 9 11 18 36 72 

TABLE 16. MIHIEKJM SEA TEE'ERATURE VS D'IIRP,TIGX (OCEAN), PROBABILITY TLFJEL 0 . O 1  

TABLE 17. TFNPERATlBE EXTREMES AT ALTITUDE, PROBABILITY LEVEL 0.01 

A l t i t ude  (km) 

;Meximum OC 48 33 25 1 4  j 
OF 118 91 77 57 

I 
I Minimum OC -34 -29 -3 1 -39 ' 





Figure I. Forecast Versus Visual Observed Wave Heights 
[ / i d o p t e d  f r o m  Vaikrnorar  a n d  C r v t c h e r  1960, Rev .  1969, u n p v b l i s h e d )  

150 

140 
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140 

o Denotes the occurrence o l  s ingle observat ion f rom other  ships i n  o thor  areas a n d  times. 
- - l N  Ind icates  scverol  observot ionr .  
- - 

o Selected max imum wove  height.wind comb ina t i on  
USCGC M C C U I I O C ~  

observed a t  ocean s ta t ion  vessels since 1958. 
- - i + or Q Single observat ion.  These da ta  no t  used t o  conlpute the two cquot ions. - - -- Computed mean curve. I 4 



GURE 2. EXTREME WAVE HEIGHTS (Feet) [(g%)~(l.$) (after  H.C.S. Thorn, t o  be publishe : d)] . 
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FIGURE 9. MAXIMUM AIR f EMPERATURE - WIVI-ISTANDING 



CLIMATE EXTREMES MIL STD 2108 WITHSTANDING 
O F  OC 

- 2 0  NORMAL PLOT 

L o  . , 
I 

500 I 0 0 5 0  20 10 5 2 
1000 250 WITHSTANDING PERIOD [yeof%) 

CLIMATE EXTREMES MIL.STD 2108 WITHSTANDING 
"F OC MINIMUM A l l  TEMPERATURE [OPEN PORT) 

0.975 
MEDIAN 

J 

500 10050 20 10 5 2 
1000 250 WITHSTANDING PERIOD I v o ~ r * )  

CLIMATE EXTREMES MIL.STD 1lOB WITHSTANDING 
OF =c 

MINIMUM AIR TEMPERATURE IOCEANI 

r 1 °  I + 5 NORMAL PLOT I 

. 3 0 L  , , , , , ' 
500 10050 20 10 5 2 

1000 250 WITHSTANDING PERIOD Iyoorl l  

FIGURE 10. MINIMUM AIR TEY PERATURE - WITHSTANDING 
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0 ,  0,  OCEAN CLIMATE EXTREMES WORKING DOCUMENT MIL-STD 2108 

40 'r +4 

1 4 3  
SEA SURFACE 

- 5  , , , , , , , , , 
1 2 3 4 5 6 7 8 10 2 0  30 40 5 0 6 0  80 100 144 200 

DURATION (HOURS1 
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FIGURE 18. EKTREb7E (1% RISK) TEMPERATURE PROFILE 
OVER MAWGABLE W A f  ERS 




